Subjective evaluations are nowadays applied more commonly in cosmetic product assessment. They are used in quality control, product development steps and efficacy studies for claim support. Several studies have been published to determine the adequate number of panelists, but recommendations and guidelines dealing with this topic are rare in the cosmetic sector. The aim of the present pilot study was to recommend a suitable study plan and define the adequate consumer panel size for cosmetic consumer assessment. A questionnaire-based product evaluation study, with three different cosmetic products, was organized as a consumer test using a seven-point scale. As a last step, a specific statistical calculation was performed to define the minimum sample size. It showed that the minimum sample size, besides the obvious statistical parameters of standard deviation and confidence interval, also depends on age and gender of the panelists and product assessment item. Utilizing a CI of 95% a minimum of 60 panelists seems to be sufficient for home-use-test (HUT) with a given seven-point scale. A minimum of 101 panelists are shown to be sufficient utilizing a CI of 99%.
Introduction
Subjective investigations are nowadays applied more commonly because of the [10] [13] [14] [15] . Costs and statistical quality depend upon the number of participants [16] . In general, one may say a reduction in base size leads to an increase in risk and decrease in costs [16] . In product evaluations, specifically in claim substantiation studies, a larger base size is recommended [5] [17] . Base size influences the stability of the averages and affects individual differences [5] . Therefore, a large base size is suitable to cancel out individual differences [17] . However, researchers miss a clear guidance from the literature as to how many consumers are adequate [10] . Hence, variations in base size occur in practice and many performed studies did not give a reason for choosing the number of consumers they used for measuring sensory acceptability [10] [18] . Several studies have been published evaluating the number of consumers needed for acceptability tests. Thereby, the involved and recommended number of panelists ranges extremely. Moskowitz [5] recommends a base size of 40 to 60 subjects, and describes that more than 100 assessors are not necessary. Stone and Sidel [7] suggest involving 25 to 50 panelists in laboratory tests and about twice as many in HUT. Meillgaard et al. [1] stated 50 to 300 participants per location for central location tests and 75 to 300 participants per city for HUT. Mammasse and Schlich [19] determined that an adequate base size depends mainly on the level of complexity of the product space, which has also been stated by Basker [20] . For that reason, Mammasse and Schlich declared that defining a global base size valid for every study is not possible [19] . The US Army also did research on study design and evaluations of food acceptances in the first half of the 20th century [21] . Due to the results, a large number of scientists and technologists developed systematic techniques later in the century. Sensory testing as a formalized mythology has only been recently developed by scientists [1] . Regarding the base size question in consumer tests, one can find individual papers published in journals like Food Quality and Preference or Journal of Food Science or Food Technology regarding food research and development [1] . To our knowledge, studies discussing the adequate panel size in the cosmetic sector are rare. Cosmetic companies utilize sensory panels and consumer use trials for the same research, development and economic reasons as food manufactures [22] . Moreover, any efficacy claim on cosmetic products should be scientifically verified, e.g. prescribed in the current EU cosmetic legislation (Regulation (EC) No. 1223/2009; Regulation (EU) No. 655/2013). Nevertheless, guidelines with information regarding recommendations on panel size for HUT are few published. Kramer and Thiemann [17] , Montgomery [23] and Gacula and Sigh [24] established formulas to calculate panel size on the basis of four, estimated parameters: Type І-error, Type ІІ-error, SE and differences in means. Gacula and Singh [24] stated that the larger the base size, the smaller the standard error and margin of error in an estimate. In 2005, Hough et al. [10] were the first to present the basic concepts necessary to estimate the number of panelists for consumer studies. In addition, they set out variability data on previous consumer studies from different countries, which are necessary for estimating base size, but also to estimate base size for different values of error types (Type І and Type ІІ). Nowadays, free software packages, like G*Power, are available, by which calculation of the individual base size for a certain experiment is possible [25] . In summary, panel size plays a crucial role in planning consumer tests, not the least of which is to fulfill legal requirements. However, publications, recommendations and guidelines dealing with this topic are rare in the cosmetic sector. Against this background, the aim of the present study was to give an indication for future study planning concerning consumer panel size in cosmetic HUT. Therefore, we posed the question: How many consumer panelists are necessary to get meaningful and informative data and results? To address this issue, we performed a questionnaire-based evaluation with three different cosmetic emulsions as HUT, followed by a specific statistical calculation.
Experimental

Participants, Test Products and Instructions
For the present HUT, 110 German users of skin care products were recruited in the winter months by University of Osnabrück where a large study panel is es- formulations. The HUT was performed as a within-subject design, and all participants got a product set and questionnaire for each product. Every product was used for seven days; hence, the application period amounted to 21 days in total. Participants were allowed to choose which product sequence to use, introducing randomization and thereby prevent order effects. Furthermore, the participants were instructed not to apply any types of products with skin care properties in the test area throughout the entire course of the study. While the use of cleaning products like soap was allowed, the participants were permitted to apply any other cosmetic products, e.g. sunscreen or decorative cosmetics.
Subjective Product Evaluation
The questionnaire-originally applied in German-consisted of two main parts: 1) the application recommendation and 2) the product evaluation. By means of the application recommendations, the panelists were introduced to the test design and received brief instructions on what to do. In the product evaluation, seven characteristic parameters were queried. Those were skin tolerability, skin care effect, skin feeling, product absorption, smell, overall impression and recommendation. For each parameter, the participants were asked to evaluate to what extend they agreed or disagreed with specified statements on an endorsement scale, shown in Table 2 . The gradations of the applied scale were equidistant and numerically labelled. The equidistant points served to define the degree and orientation of the continuum effectively [26] . To ease the usage, the ends/extremes were accompanied by extreme terms/annotations. A horizontal, seven-point scale (Likert item) was used because it included the range between "1 = strongly agree" and "7 = strongly disagree", which automatically includes a center result. With this, the participants were offered greater freedom to express their sensory perception through selecting a middle opinion. Rating scales with seven, nine or 10 consumer response categories are generally most preferred.
Results from Preston and Colman [27] revealed that scores from scales with between seven and 10 response categories are the most reliable. The most valid and discriminating were those more than six response categories. 
Statistics and Sample Size Calculation
The statistical analysis was divided into two consecutive steps: first, a descriptive analysis of each item for each product (face cream, hand cream, body lotion) was performed, by calculation of the means, the corresponding standard deviations (SD), the min/max values and the 95% confidence interval (CI). Furthermore, data analysis by Q-Q plot showed nearly normal distribution. Afterwards, the data were divided by age (≤42 and 42+ years, median: 42 years) and gender, followed by descriptive calculations as aforementioned. Due to the imbalance between the female-and male-groups (n = 89 vs. n = 12), we only analyzed age-specific relations (Spearman rank correlation coefficient). The level of significance was set at P = 0.05. In a second stage, a sample size calculation was conducted. It was based on the formula for confidence intervals for means, as this was the desired method for presenting the results of later studies. Presentation with confidence intervals enables interpretation of the results with respect to location (mean) and estimation of confidence. The confidence depends on the width of the interval and the probability (level of confidence). For the present study, confidence levels of 95% and 99% were chosen, and a width of one and two units. Therefore, sample size for different situations concerning confidence can be compared. Additionally, the descriptive data of separate groups (age and gender) and for different product assessment items were used. All statistical calculations were conducted using the R statistical software (Version 3.2.2, The R Foundation for Statistical Computing, Vienna, Austria).
Results
Guidelines and publications concerning consumer panel size in cosmetic product evaluations via HUT are rare. Therefore, the present study aimed to give a recommendation to plan studies and evaluate the consumer panel size for cosmetic HUT. In total, 110 German users of skin care products were recruited. Fi-J. Cosmetics, Dermatological Sciences and Applications nally, 101 questionnaires came back correctly filled in and the data were analyzed. The sample consisted of 89 females and 12 males, aged between 18 and 85 years (mean 41.9 years, ±16.1 SD; median 42.0). Table 3 demonstrates the combined evaluation of the three different product categories (mean value per panelist for face cream, hand cream and body lotion). In total, the evaluation rate ranged between 1.92 ± 1.23 SD (… well tolerated) and 3.07 ± 1.75 SD (… very pleasant smell). Moreover, the ratings (% of panelists) are displayed in Table 3; e.g. 54% of the volunteers "strongly agree" with the statement "The product is very well-tolerated". Additionally, Figure 1 represents consumer responses from "strongly agree" over "intermediate" to "strongly disagree" for each product assessment item.
To visualize aged-related effects on product evaluation, two age groups were generated based on the median age (≤42 years, 42+ years). Table 4 illustrates the correlation between age (in years) and product assessment. The statistical analysis revealed no significant correlation to subject ages, except for two items "...
absorbs perfectly" and "... recommendation". Concerning these two product assessment items, a significant negative correlation (−0.305 rho, −0.223 rho) was calculated. Negative correlation means that agreement increases (decreasing values) with increasing age.
Based on the sample size calculation, the minimum sample size ranges between n = 5 to n = 58 (95% CI) and n = 8 to n = 101 (99% CI), presented in Table 5 . The ranges of the SD were freely determined by the authors and are defined by the highest and lowest SD values. The minimum sample size varies depending on the applied CI. However, the minimum sample size depends not only on SD and CI, but also depends on the product assessment item as well as age and gender of volunteers (Table 6 ). The 95% CI was used for further analytical considerations [28] . Table 4 . Impact of consumer age on product evaluation. Age groups were defined on age median (42 years). CI = Confidence interval; P = P-value; rho = Spearman rank correlation coefficient; ns = No significance (correlation is significant at the 0.05 level). Table 6 . The minimum sample size under a desired confidence interval of 95% ranges from n = 5 to n = 58 and is influenced by assessment item, gender, age group and test product. Color code: green = n = 58, blue = n = 35, orange = n = 16 and red = n = 5. Evaluation of the body lotion required the highest sample size (n = 58) compared to face and hand cream, which was independent from the specific assessment item. For the face cream, the calculated sample size was lower (n = 35) with exception of the item "… very pleasant smell" (n = 58). Concerning the hand cream, n = 35 was also the calculated sample size, but with exception of "… well-tolerated" (n = 16) and "… very pleasant smell" (n = 58). Taking the results together, they demonstrate that assessment of product scent ("… very pleasant smell") needs the highest sample size of the three product categories.
In addition, the age-and gender-related impact on product assessment and calculated sample size is shown in Table 6 . Comparing the two age groups, a tendency towards a higher sample size in the group 42+ years is shown, especially in the evaluation of the body lotion. Comparing gender results, there is a tendency to a higher sample size in the female group, especially for the evaluation of skin tolerance ("… well-tolerated").
Discussion
Subjective investigations, like HUT, are more and more relevant [1] and essential in cosmetic product evaluation and in cosmetic claim substantiation [2] .
Product assessment via panelists generates results that can not be provided by biophysical devices [3] . They have been demonstrated to be very effective [1] and are essential in the maintenance, optimization and quality improvement of consumer goods [7] . When planning a HUT, the number of involved panelists is important because it is a key factor for costs, statistics and outcome: a decline in sample size leads to a decrease in costs and validity [16] . In other words, sample size affects the stability of the average and influences individual differences [5] .
However, there is a wide range concerning the number of panelists and relevant recommendations vary greatly [5] [10] [13] [14] [15] . Therefore, scientists lack clear orientation from the literature as to how many consumers are adequate [10] . Concerning the field of cosmetic science, relevant publications, recommendations and guidelines dealing with this topic are rare and/or inexact. Cosmetics Europe [28] , for example, recommends "the number of subjects/size of a study should always be large enough to provide a reliable answer to the questions addressed (i.e. have sufficient power). The number is usually determined by the primary objective of the study through a formal sample size calculation or by a justification based on statistical and/or methodological expertise (background data, former study, etc.)". Taking the situation of insufficient data into account, we performed a questionnaire-based product evaluation with three different cosmetic emulsions to generate clearer guidelines concerning sample size in HUT.
In total, 101 questionnaires were analyzed (89 f, 12 m; median age 42.0). The calculated minimum sample size ranged between n = 5 to n = 58 (95% CI) and n = 8 to n = 101 (99% CI). The present results are in the line with Moskowitz [5] , who recommended a base size of 40 to 60 subjects. In addition, it has been recommended to involve approximately 50 to 100 panelists in laboratory tests and 50 to 100 in HUT [7] . In contrast, 75 to 300 panelists for HUT were suggested by Meillgaard et al. [1] , which reflects a very broad range.Comparing the face, hand and body lotions showed that the body lotion needed the highest sample size (n = 58, 95% CI), which may be caused by different application areas, area size and application mode of a body lotion. One might conclude and postulate that products used for large skin areas, thereby, are unspecific in their application and require more panelists in a HUT. Moreover, it was demonstrat-ed that assessment of the product scent ("… very pleasant smell") required the highest sample size in the three tested product types. Evaluating the scent of a product is mainly driven by hedonistic effects and, therefore, seems to be beneficial to include more rather than less panelists, i.e. minimum of 58 (Table 6 ).
Regarding gender-related effects, a higher minimum sample size was required for the female group, especially for assessment of skin tolerance ("… well-tolerated"). Evaluation of the product absorbance depended on age, which could be interpreted as impact of skin dryness. Although "slightly or moderately dry skin" was one inclusion criteria, skin conditions of the subjects were not queried in detail-which could be helpful to analyze such data.
Conclusions
Efficacy claims on cosmetic products should be substantiated in accordance with We performed a questionnaire-based product evaluation with three different cosmetic emulsions as HUT, followed by a specific statistical analysis to answer the question: How many consumer panelists are necessary to get meaningful and informative data and results?
Based on the present study, and using a 95% CI (width one unit), the following recommendations are provided:  The impact of age on cosmetic product evaluation is important. Statistical analyses of results regarding age groups could be helpful and provide further information.  When addressing "skin tolerance", gender-related effects should not be ignored. It seems to be necessary to include more panelists (minimum 60), when such a study is planned with females (compared to a sheer male panel).  Regarding fragrance evaluation items, more panelists (minimum 60) are required compared to other product assessment items.  Evaluation of test products with unspecific application mode/area needs more panelists (minimum 60).  It is important to specify the level of skin dryness as narrowly as possible, especially by assessing product absorbance behavior.
In summary, the minimum sample size depends not only on SD and CI, but also depends on the product assessment item as well as age and gender of the panelists. It is shown that a minimum of 60 (95% CI, width one unit) or a minimum of 101 (99% CI, width one unit) panelists seems to be sufficient for a similar questionnaire-based HUT with a given seven-point scale in cosmetic product evaluation. However, it is very important to know that the present conclusions and recommendations are based on the present constellation, e.g. test products, subjects and product assessment items, and, therefore, should be interpreted and applied carefully. Further research with different constellations is required in order to define generally valid statements concerning the number of panelists in cosmetic product evaluation.
